We constructed an expression vector for the coat protein (CP) gene and the 3 0 untranslated region (3 0 UTR) of RNA virus (sweet potato feathery mottle virus severe strain (SPFMV-S)) lacking a foreign terminator. Out of seven transgenic tobacco plants, expression of the transgene was observed in six plants. RT-PCR analysis revealed that the transcripts had a poly(A) tail, and in most of them, polyadenylation occurred on the 5 0 side of the 3 0 UTR. These results suggest that the viral sequence contains a cryptic polyadenylation signal that permits 3 0 -end processing of the transcripts.
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Key words: sweet potato feathery mottle virus; cryptic polyadenylation; transgenic plant Sweet potato feathery mottle virus (SPFMV), which belongs to the genus Potyvirus, has a positive-sense, single-stranded RNA genome that encodes one large polyprotein that is processed into smaller proteins. The coat protein (CP) gene of the SPFMV severe strain (SPFMV-S) has been expressed in tobacco in order to study gene silencing. 1) In the SPFMV-S genome, the CP gene is located at the 3 0 end of the open reading frame and is adjacent to the 3 0 UTR.
2) The CP expression cassette had the 3 0 terminal region of the SPFMV-S genomic cDNA (CP À 3 0 UTR) upstream of the nopaline synthase (NOS) terminator. 1) Two distinct transcripts were observed by Northern blot analysis, suggesting the possibility of the existence of a cryptic signal for polyadenylation and/or transcription termination in the CP expression cassette.
1) Here, we analyzed the transcripts from the CP À 3 0 UTR expression cassette lacking a foreign terminator. We show that the SPFMV-S sequence contains a cryptic polyadenylation signal that enables generation of functional CP mRNA in transformants.
We constructed an SPFMV-S CP À 3 0 UTR expression vector pMM4Á derived from the binary vector pBI121. The cauliflower mosaic virus 35S promoter directed transgene transcription, and the expression cassette lacked a foreign terminator. In the vector, the ATG sequence was added to the 5 0 end of the CP gene to enable CP translation. The vector was used for transformation of tobacco (Nicotiana tabacum). Seven distinct transgenic plants were obtained and grown in a greenhouse. The transcripts of the CP gene were observed in all transgenic plants except for plant no. 5 (Fig. 1A) . Likewise, CP protein expression was observed with the exception of no. 5 (Fig. 1B) . The size of the transcripts among the transformants was similar to that of the CP gene þ 3 0 UTR (1.2 kb) (Fig. 1A, C) , and the same as that of a smaller signal of a pMM4 1) (CP À 3 0 UTR À NOS terminator)-transformed plant (Fig. 1C) . It was predicted that if the observed transcripts were polyadenylated, the polyadenylation sites would be located within the SPFMV-S sequence. A 3 0 RACE analysis was performed for two T 0 transformants (nos. 1 and 6) in order to detect polyadenylated CP gene transcripts using an oligo(dT)-containing adapter primer. The PCR product obtained was cloned, and 16 clones were sequenced for each transformant. The polyadenylation sites of most clones analyzed (29/32) were located within a range of 80 nucleotides downstream of the stop codon (data not shown). In order to study the 3 0 terminal of the transcripts directly, RNA ligase-mediated RT-PCR was performed for the T 1 progeny plants of the two transformants (nos. 1 and 6). These progenies also expressed the CP gene transcripts (lanes 2 and 3 of Fig. 1C ). The RT-PCR product ( Fig. 2A ) was cloned into a pCR 4-TOPO vector (Invitrogen, Carlsbad, CA, U.S.A.), and subsequently 24 and 22 clones were sequenced for the T 1 plant of transformants nos. 1 and 6 respectively. It was observed that all 46 clones were targeted cDNAs possessing a poly(A) tail. Most clones (37/46) had poly(A) sites within a range of 80 nucleotides downstream of the stop y To whom correspondence should be addressed. Fax: +81-96-249-1002; E-mail: tkimura@affrc.go.jp Abbreviations: CP, coat protein; SPFMV-S, sweet potato feathery mottle virus severe strain; 3 0 UTR, 3 0 untranslated region; NOS, nopaline synthase Biosci. Biotechnol. Biochem., 69 (10), [2005] [2006] [2007] [2008] 2005 Note codon (Fig. 2B, C) . It is likely that cryptic polyadenylation of the transcripts occurred predominantly within the 3 0 UTR sequence. These transcripts functioned as mRNA (Fig. 1B) , but whether the functional properties (stability, translation efficiency, etc.) among them possessing various lengths of 3 0 UTR were uniform is unknown as of now. PCR analysis showed that cryptic polyadenylation occurred also at the 3 0 end of the 3 0 UTR and downstream vector sequence (data not shown). Since SPFMV-S is an RNA virus, synthesis of RNA from DNA does not occur in its viral life cycle. Hence, the genome sequence originally has no relation to polyadenylation coupled with transcription termination in nuclei. The SPFMV-S RNA genome has a 3 0 poly(A) tail, similar to plant mRNAs. However, the length of 3 0 UTR of SPFMV-S RNA is inherent, in contrast to the heterogeneity in 3 0 UTR length of the CP transgene transcripts (Fig. 2B) . Therefore, we believe that the polyadenylation of transcripts observed in this study and the polyadenylation of SPFMV-S RNA occurring during replication are based on different mechanisms.
The plant cis-elements essential for polyadenylation are fundamentally located at sequences upstream from the poly(A) sites.
3,4) The cis-elements consist of a near upstream element (NUE) and a far upstream element (FUE).
3,4) NUE is an A-rich element and is situated 10 to 40 bases upstream of the poly(A) site. FUE contains a U/G-rich sequence and enhances processing efficiency. In the SPFMV-S sequence, the U/G-rich sequences (GGUUGUUUGGUUUGGA, UGAGGGGUGUGCA) are located in the 120 nucleotides upstream of the stop codon (Fig. 2B) .
2) In the 5 0 side of the 3 0 UTR where the poly(A) sites were frequently detected in the RT-PCR analysis, only one NUE-like sequence (AAUUUAAA) was found (Fig. 2B) . However, in this case, not all the poly(A) sites appear to have an upstream NUE-like sequence (Fig. 2B ). Luehrsen and Walbot suggested that the rise in U content might be the signal for polyadenylation. 5) In the 3 0 -EST sequences of rice and Arabidopsis, predominance of U before polyadenylation sites is observed.
6) The U content of the SPFMV-S 3 0 UTR (35.7%) is greater than that of the CP coding region (22.4%). The U content is particularly high in 80 bases of the 5 0 terminal of the 3 0 UTR (42.5%). This Urichness might make possible cryptic polyadenylation.
Northern blot analysis showed two distinct CP mRNA signals for the pMM4 (þ NOS terminator)-transformed plant, as previously reported (lane 1 of Fig. 1C) .
1) A smaller signal had the length of the signal of the pMM4Á-transformed plant (Fig. 1C) . In case the polyadenylation of the transcripts is carried out at the NOS terminator sequence, the expected signal of the pMM4-transformed plant is a larger one. The smaller transcripts and larger transcripts were probably produced by cryptic polyadenylation within the 3 0 UTR sequence, and the read-through by failure of recognition of the cryptic signal followed by 'trap' (processing) at the downstream NOS terminator sequence, respectively. The polyadenylation efficiency of the cryptic signal in the SPFMV-S sequence was estimated to be approximately 50% (lane 1 of Fig. 1C) .
Cryptic polyadenylation often becomes the cause of low expression of transgenes because it can generate truncated (premature) transcripts. [7] [8] [9] However, cryptic polyadenylation can partially rescue transgene expression when it lacks a bona fide poly(A) signal (Fig. 1A,  B) . 10) Transient expression of a full-length potyvirus genomic cDNA can generate infectious viral progeny in plant cells even if the expression cassette lacks a foreign terminator. 11, 12) Our results suggest the possibility of the contribution of cryptic polyadenylation to generation of functional mRNA in these cases. We think that definition of the cryptic signal in the SPFMV-S sequence can lead to a better understanding of the mechanism of poly(A) signal recognition in plants. Functional analysis of the cryptic signal using the deletion series of the SPFMV-S sequence is now in progress. A, Northern blot analysis of pMM4Á-transformed T 0 plants. Lanes 1-7, transformant nos. 1-7; C, untransformed control plant. Total RNA (12 mg) was subjected to Northern blot analysis using the cDNA fragment (CP À 3 0 UTR) as a probe. B, Western blot analysis of pMM4Á-transformed T 0 transgenic plants. The arrow indicates the position to which the CP migrates. Lanes 1-7, transformant nos. 1-7; C, untransformed control plant. Polyclonal antiserum raised against the GST þ SPFMV-S CP fusion protein 13) was used to detect SPFMV-S CP. The specificity of the antiserum for SPFMV was confirmed previously. 2) Mori, M., Sakai, J., Kimura, T., Usugi, T., Hayashi, T., Hanada, K., and Nishiguchi, M., Nucleotide sequence analysis of two nuclear inclusion body and coat protein genes of a sweet potato feathery mottle virus severe strain (SPFMV-S) genomic RNA. Arch. Virol., 140, 1473-1482 (1995). 3) Rothnie, H. M., Plant mRNA 3 0 -end formation. Plant 0 -pCAGUAGUCGUCAAGAGUGGAp-3 0 ) using T4 RNA ligase and reverse-transcribed with an adapter-specific primer. The cDNA was used as a template for PCR that was carried out using a CP-specific primer and the adapter-specific primer. The length of the CP-coding region (containing the stop codon) þ 3 0 adapter primer of the RT-PCR product is 332 bp. Hence the value obtained by subtracting 332 from the size of the RT-PCR product indicates the size of downstream region from the stop codon of the transcripts. B, The polyadenylation sites found in the RT-PCR products from T 1 plants of transformant nos. 1 and 6 are indicated by arrows. The sequence of SPFMV-S genomic cDNA is shown in upper-case letters. The vector sequence is shown in lower-case letters. The sequence is numbered from the 5 0 -end of the CP-specific primer site in the RT-PCR analysis. The stop codon is marked with a gray box. Potential FUE and NUE are underlined and boxed respectively. In the case where the polyadenylation site could not be determined from the sequence data due to the existence of plural candidates (the last non-A nucleotide and next A residue(s) in the SPFMV-S sequence), the A residue or first A residue was marked as the polyadenylation site. C, Map showing the location and frequency of the polyadenylation sites found in the RT-PCR products. The location and frequency of polyadenylation sites found in cDNAs from T 1 plant of transformant no. 1 and no. 6 are indicated by an upward vertical line and a downward vertical line respectively.
